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SURFACE POSITION MEASURE ING METHOD AND APPARATUS 

FIELD OF THE INVEN TION AND RELATED ART 

This invention relates to surface 
position detecting technology for detecting a 
position of a surface of an object, particularly 
for use in an exposure apparatus of slit scan type 
(scanning exposure method) 

The size of circuit patterns has been 
reduced to meet enlargement of integration of VLSI, 
and projection lens systems currently used in 
projection exposure apparatuses have an enlarged 
numerical aperture (NA) . Also, the allowable 
depth of focus of lens systems used in a transfer 
process of the circuit pattern has been narrowed. 
Thus, in order to ensure superior pattern transfer, 
a process region (shot) to be exposed of a wafer 
as a whole should be exactly positioned within the 
depth of focus of the projection lens system. 

In slit-scan type exposure apparatuses, 
in order to assure good pattern transfer over the 
whole process region to be exposed, the position 
and tilt of the wafer surface (subject to be 
exposed) is detected precisely during scan motion. 
During the scan exposure, corrective drive of 
auto-focusing and auto-leveling is carried out 
continuously to thereby successively bring the 



wafer surface into registration with a best 
imaging plane of the projection optical system. 

Surface position detecting mechanisms 
therefor include one in which a light beam is 
projected onto a wafer surface in an oblique 
direction and reflection light from the wafer 
surface is detected as a positional deviation upon 
a sensor, and one in which a gap sensor such as an 
air microsensor or electrostatic capacitance 
sensor is used. Anyway, in these types, during 
the scan, from a plurality of level measured 
values, a corrective driving amount for the level 
and tilt of the wafer surface when the same passes 
through the exposure slit region is calculated. 

Further, in the detecting mechanism 
described above, in order to assure that a process 
region (shot) of a wafer as a whole is exactly 
positioned within the allowable depth of focus of 
a reduction projection lens system, having been 
narrowed with enlargement of the NA, detection 
points are set at plural locations inside each 
shot region of the wafer and differences between 
detected values and a best focus setting plane are 
stored as measurement offset and are controlled 
exactly, this being made to avoid erroneous 
detection of wafer surface (focus setting plane) 
due to the influence of any local pattern step 
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(topography) under a detection point (or 
reflection point) . 

Figure 4 schematically illustrates 
alternating scan for process regions on a wafer. 
In this example, there are six sample shots with 
respect to each of which pre-scanning in up and 
down directions are carried out, whereby a 
corrective drive amount toward a best imaging 
position is calculated. 

With decreasing size of circuit 
patterns, the NA of reduction projection systems 
has been enlarged and, on the other hand, the 
allowable depth of focus in a transfer process of 
the circuit pattern has been narrowed. Currently, 
in exposure apparatuses used for a rough pattern 
process, the allowable depth of focus is 1 urn or 
more, such that a measurement error included in 
measured values obtained successively during the 
scan exposure or influences of a surface step 
(difference in level) within the chip can be 
disregarded. However, in order to meet 1 GDRAM, 
the depth will be not greater than 0.3 urn.. Thus, 
a measurement error included in the measured 
values or the influence of a surface step in the 
chip will not be disregarded. 

Thus, where the focus of the wafer 
surface (level and tilt) is measured and then 
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focusing is carried out to hold the wafer surface 
within the allowable depth, since the wafer 
surface has surface irregularities, in order to 
assure that the whole of chip or shot is 
registered with the imaging plane, it is necessary 
to perform offset correction while exactly 
reflecting offsets memorized beforehand, and 
otherwise the allowable depth can not be held. In 
this case, accurate offset correction is 
unattainable unless the focus measurement point 
during exposure of each shot is exactly registered 
with the offset measurement point. 

In the slit scan exposure method, the 
time for moving back the reticle stage is useless. 
Therefore, generally, alternate scan is adopted, 
taking into account the throughput. However, in 
conventional surface position detecting method, no 
particular attention has been paid to the fact 
that the measurement position (region of the 
subject of measurement) shifts between the up and 
down scan directions, and a focus correction 
amount toward the best imaging plane position is 
calculated and controlled while taking the central 
position of the shot, for example, as a reference 
(offset reference surface) . If therefore the 
wafer surface position corresponding to the 
measurement point taken as a reference differs 



with the scan direction as shown in portions (i) 
and (ii) in Figure 6, there would occur a 
difference in the focus correcting amount toward 
the best imaging plane position, between the up 
and down directions as shown in a portion (iii) Q f 
Figure 6. An undesirable defocus will be produced 
due to this difference with the direction. 

Factors for such positional deviation 
may be as follows. A wafer stage control system 
drives a wafer with a control cycle of the wafer 
stage control system, on the basis of the stage 
position as measured at predetermined sampling 
intervals. if the control cycle of the wafer 
stage control system is t s and the moving speed of 
the wafer stage is V s , the measurement position 
will be dispersed by T s xV 8/ at the largest. This 
is called "jitter". Figure 5 illustrates an 
example of it. At the start position of a shot, 
the sample clock is reset. After synchronism with 
the start position is taken, scan in a direction 
of an arrow is initiated. When each measurement 
point is detected at the trailing edge of the 
clock, there is a positional deviation produced so 
that a point 502 is detected, despite a point 501 
should be detected. 

Such jitter is changeable with the 
stage speed. Particularly, the stage speed is 
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recently increasing for improvements of throughput 
Therefore, the influence of a deviation of 
measurement position resulting from jitter upon 
the focus precision can not be disregarded. Such 
inconveniences might be solved by using a high- 
speed control hardware to shorten the control 
intervals, thereby to reduce the jitter close to 
zero to decrease the difference between the up and 
down scan directions. With this method, however, 
not only the cost will rise but also the structure 
is exclusively arranged for the difference between 
scan directions, such that the whole system lacks 
a good balance . 



15 SUMMARY OF THE INVENTION 

It is accordingly an object of the 
present invention to provide a surface position 
detecting technology by which the position of a 
surface of an object can be detected very 
precisely. 

In accordance with an aspect of the 
present invention, there is provided a method of 
measuring a position of a surface of an object 
while relatively scanning the object and a 
detection unit, said method comprising: a first 
measuring step for relatively scanning the 
detecting unit and a first object in a plurality 
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of directions and fox measuring, with respect to 
each of the plurality of directions, a surface 
position of the first object; a calculating st ep 
for calculating a correction amount for correcting 
a surface position to be provided by the detecting 
unit, on the basis of the surface positions 
obtained with respect to the plurality of 
directions at said first measuring step; a second 
measuring step for measuring a surface position of 
a second object while relatively scanning the 
detecting unit and the second object in any one of 
the plurality of directions; and a correcting step 
for correcting the surface position of the second 
object obtained by said second measuring step, on 
the basis of the correction amount obtained by 
said calculating step. 

in accordance with another aspect of 
the present invention, there is provided a 
measuring system for measuring a position of a 
surface of an object, comprising: a detecting unit 
for detecting the position of the surface of the 
object; a scanning unit for relatively scanning 
the object and said detecting unit; a calculating 
unit for calculating, on the basis of surface 
positions of a first object obtained by relatively 
scanning the first object and said detecting unit 
in a plurality of directions, a correction amount 
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for correcting a surface position to be provided 
by said detecting unit; and a correcting unit for 
correcting a surface position of a second object 
obtained by relatively scanning the second object 
and said detecting unit in any one of the 
plurality of directions, on the basis of the 
correction amount obtained by said calculating 
unit. 

These and other objects, features and 
advantages of the present invention will become 
more apparent upon a consideration of the 
following description of the preferred embodiments 
of the present invention taken in conjunction with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of a main 
portion of a projection exposure apparatus of slit 
scan type that uses a surface position detecting 
method according to an embodiment of the present 
invention . 

Figure 2 is a schematic view for 
explaining positional relationship of an exposure 
slit and measurement points, in the surface 
position detection using a detection optical 
system. 

Figure 3 is a plan view for explaining 



an example of the layout of process regions to be 
exposed, on a wafer, and selection of sample shots 
for pre-scanning in the present invention. 

Figure 4 is a schematic view for 
explaining alternate scan of sample shots of a 

process region to be exposed, on a wafer. 

Figure 5 is a schematic view for 

explaining a positional deviation of the 

measurement point, in a process region to be 

exposed of a wafer. 

Figure 6 is a schematic view for 
explaining the positional relationship of focus 
reference points in different scan directions, in 
accordance with a surface position detecting 
method of the present invention. 

Figure 7 is a fi ow chart for explaining 
an example of offset measurement with the surface 
position detecting method of the present invention, 
as well as a sequence for surface position 
corrective drive during exposure of the shots. 

Figure 8 is a flow chart for explaining 
an example of sequence for surface position 
correcting drive during exposure, where there is a 
fault of wafer flatness in the alternate scan. 

Figure 9 is a flow chart for explaining 
a semiconductor device manufacturing procedure. 
Figure 10 is a flow chart for 
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explaining details of a wafer process in the 
procedure of Figure 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present 

invention will now he described with reference to 

the attached drawings . 

[First Embodiment] 

Figure 1 is a schematic view of a main 
portion of a projection exposure apparatus of slit 
scan type that uses a surface position detecting 
method according to an embodiment of the present 
invention . 

In Figure 1, denoted at 1 is a 
reduction projection lens having an optical axis 
AX. the image plane there is perpendicular to Z 
direction. Reticle 2 is held on a reticle stage 3, 
and a pattern of the reticle 2 is projected by a 
reduction projection lens 1 in a reduced scale, 
whereby an image is formed on its focal plane. 
Denoted at 4 is a wafer having a surface coated 
with resist. There are a large number of process 
regions (shot) to be exposed, arrayed on the wafer, 
and these regions have the same pattern structure 
formed through a preceding exposure process or 
processes. Denoted at 5 is a wafer stage for 
attracting and fixedly holding the wafer 4, The 
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wafer stage 5 comprises an x stage being movable 
horizontally in X-axis and Y-axis directions, 
leveling stage being movable in Z-axis directs 
and rotatable about X and Y axes, respectively, 
and a rotational stage being rotatable about the Z 
axis. The X, Y and z auces are orthogonal to each 
other. 

Denoted at 10 - 19 are components of a 
detection optical system for detecting a surface 
position and tilt of the wafer 4. Denoted at 10 
is a light source which comprises a white lamp or 
an illumination unit arranged to project light of 
high-luminance light-emitting diode having plural 
and different peak wavelengths. Denoted at 11 is 
a collimator lens that receives light from the 
light source 10 and outputs parallel light having 
an approximately uniform sectional intensity 
distribution. Denoted at 12 is a slit member of 
prism-like shape, for producing slit-like light to 
be projected on the wafer 4. It comprises a pair 
of prisms being cemented to each other with their 
slant surfaces opposed to each other. At the 
cemented surface, there are a plurality of 
openings (for example, six pinholes) defined there 
by use of a light blocking film such as chromium, 
for example. Denoted at 13 is an optical system 
of bi-telecentric system, and it functions to 
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direct six independent light beams passed through 
the pinholes of the slit member 12 toward six 
measurement points on the wafer 4 surface via a 
mirror 14. Although only two light beams are 
illustrated in Figure 1, in this embodiment, there 
are light beams of three, being accumulated into 
one as seen, in the direction perpendicular to the 
sheet of the drawing, such that light beams of a 
total si* are there. Here, with respect to the 
lens system 13, the slant surface of the prism 
where the pinholes are formed and a plane that 
contains the wafer 4 surface are set to satisfy a 
Scheinmpf lug' s condition. 

In this embodiment, the incidence angle 
of each light beam from the light projecting means 
10 - 14 upon the wafer surface (i.e. the angle 
defined by a normal to the wafer surface, that is, 
the optical axis) is * = 70 deg. or more. On the 
wafer 4 surface, there are a number of regions 
(shots) having the same pattern structure formed 
through the preceding exposure process or 
processes, as shown in Figure 3. The six light 
beams passed through the lens system 13 are 
incident on and imaged at respective measurement 
points CL1, C12, CL3, CR1 , CR2 and CR3 , in the 
pattern region, which measurement points are 
independent from each other. Further, in order to 
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assure that these six measurement points are 
observed on the wafer 4 surface independently of 
each other, the light beams are projected thereon 
in a direction rotated by 0 (e.g. 2 2 . 5 deg.) from 
the X direction (scan direction) and in the X-Y 
plane. This is discussed in Japanese Patent No. 
2910327 (Japanese Patent Application No. H3- 
157822) and, with this structure, the spatial 
disposition of the components is made 
appropriately and high-precision detection of 
surface positional information is facilitated. 

Next, structures of detection side 
components 15 - 19 for detecting reflection light 
from the wafer 4 will be explained. The six light 
beams from the wafer 4 are reflected by the mirror 
15, and they are directed to a light receiving 
optical system 16 which is a bi-telecentric system. 
Inside the light receiving optical system 16, 
there is a stopper 17 which is provided commonly 
in relation to the six measurement points, and it 
functions to intercept higher-order diffraction 
light (noise) to be produced by a circuit pattern 
that is present on the wafer 4 . The light beams 
passed through the light receiving optical system 
16 have their optical axes placed in parallel to 
each other, and they are re-imaged upon detection 
surfaces of a photoelectric converting means group 
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19, respectively, by means of six separate 
correcting lenses of a correcting optical system 
group 18, in the form of light spots having the 
same size. The photoelectric converting means 
group 19 comprises six one-dimensional CCD line 
sensors corresponding to the six measurement 
points. The optical system having elements of 16 
- 18 is tilt-corrected so that the measurement 
points on the wafer 4 surface and the detection 
surfaces of the photoelectric converting means 
group 19 are placed in a conjugate relation with 
each other. Therefore, any local tilt at each 
measurement point would not cause a change in the 
position of a pinhole image on the detection 
surface. Thus, it is assured that the position of 
the pinhole image upon the detection surface 
changes in response to a change in level (height) 
of a corresponding measurement point in the Z 
direction . 

Next, a slit-scan type exposure system 
will be described. As shown in Figure 1, the 
reticle 2 is attracted to and held fixed by the 
reticle stage 3. After this, it is scanningly 
moved along a plane perpendicular to the optical 
axis AX of the projection lens 1 and in a 
direction of an arrow 3a (X-axis direction) , at a 
constant speed. Also, as regards a direction 
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orthogonal to the arrow 3a (i.e. Y- a5eis direction), 
corrective drive is made to perform the scan while 
continuously keeping the target coordinate 
position in that direction. Positional 
information regarding the reticle stage 3 with 
respect to the X and Y directions is continuously 
measured by projecting a plurality of l aser beams 
from a reticle stage interferometer system 21 
toward an X-Y bar mirror 20 fixed to the reticle 
stage. 

The exposure illumination optical 
system 6 uses a light source that produces pulse 
light such as excimer laser, for example, and it 
comprises a beam shaping optical system, an 
optical integrator, a collimator, a mirror and so 
on, not shown in the drawing. The illumination 
optical system 6 is made of a material that can 
efficiently transmit or reflect pulse light of 
deep ultraviolet region. The beam shaping optical 
system serves to change the sectional shape 
(including size) of the incident beam to a desired 
shape. The optical integrator functions to maxe 
uniform the distribution characteristic of light 
to ensure that the reticle 1 i s illuminated with 
uniform illuminance. A masking blade (not shown) 
is provided inside the exposure illumination 
optical system 6, and it functions to set a 
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rectangular illumination region corresponding to 
the chip size. The pattern of the reticle 2 as 
thus partially illuminated with such illumination 
region is projected through the projection lens 1 
onto the wafer 4 being coated with a resist. 

A main controller 27 serves to control 
the whole system in accordance with scan, so that 
an image of a portion of the rectangular region of 
the reticle 2, being illuminated, is formed on a 
predetermined region of the wafer 4. As regards 
the wafer 4, control is performed in relation to 
the position in X-Y pl ane , that is, X-Y 
coordinates, rotation 9 about an axis parallel to 
Z axis, the position in Z direction, that is, Z 
coordinates, and rotations a and p about axes 
parallel to the X and Y axes. 

Alignment between the reticle 2 and the 
wafer 4 with respect to the X-Y plane is 
accomplished by calculating control data on the 
basis of positional data of the reticle stage 
interferometer 21 and the wafer stage 
interferometer 24, and wafer position data 
obtainable through an alignment microscope (not 
shown) , and by controlling a reticle position 
control system 22 and a wafer stage control system 
25. 

Where the reticle stage 3 is to be 



- 17 - 



scanned in the direction of an arrow 3a , the wafer 
stage S is scanned in a direction of an arrow 5a 
and at a speed corrected by an amount 
corresponding to the reduction magnification of 
the projection lens 1. The scan speed of the 
reticle stage 3 is determined on the basis of the 
width, in the scan direction, of a masking blade 
(not shown) of the exposure illumination optical 
system 6 and the sensitivity of the resist applied 
to the wafer 4 surface, in favor of the throughput . 

The alignment in Z-axis direction with 
respect to the image of the pattern on the reticle 
2, that is, the alignment with reference to the 
image plane, is accomplished by Controlling a 
leveling stage in the wafer stage 5 through the 
wafer position control system 25, on the basis of 
the result of calculation made by a surface 
position detecting system 26 that detects level 
data of the wafer 4. More specifically, from the 
level data of wafer level measuring spot lights at 
three points disposed adjacent the slit with 
respect to the scan direction, tilt in a direction 
perpendicular to the scan direction (i.e. tilt 
about X axis) as well as the level (height) in the 
optical axis AX direction are calculated to 
determine a correction amount toward the best 
i*age plane position, at the exposure position. 
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correction is performed on the basis of it. 

In order to detect the position of the 
process region, to be exposed, of the wafer 4 in 2 
direction, that is, the position (z) with respect 
to the image plane position as well as a deviation 
of tilt (a, P ) , it is very important to measure 
the wafer 4 surface very accurately. Where an 
optical method detection system is used for this 
purpose, there occurs a detection error due to a 
pattern step difference (topography). However, a 
pre-scan may be performed prior to the exposure, 
and a condition with which the focus value can be 
measured at a highest precision may be measured. 
Also, offset control may be made with reference to 
the height (level) of such portion of the process 
region of the wafer where a highest focus 
precision is required. By doing so, an error of a 
focus measured values obtained during the scan 
exposure can be corrected in real time. This is 
discussed in Japanese Laid-Open Patent Application 
No. H9-045608. 

Figure 7 shows an example of correction 
sequence according to the present invention. At 
step 101, a start command is received. At step 
102, a wafer is loaded on a wafer stage, and it is 
attracted to and held by a chuck. Subsequently, 
for measurement of the surface shape (plural 
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surface positions) inside a process region (shot 
region) of the wafer to be exposed, with regard to 
six sample shot regions such as depicted by 
hatching in Figure 3, for example, pre-scan 
• measurement is carried out in respect to each shot 
-egion, and the results are stored into a memory. 
Namely, at step 103, pre-scan measurement in the 
«P direction is carried out and, at step 104, pre- 
scan measurement in the down direction is carried 
out in the same region a S in the up-direction scan 
at step 103. The operation at step 103 and step 
104 is carried out repeatedly to all the sample 
shot regions (six sample shot regions in this 
example). m each sample shot regions, the pre- 
scan measurement may be made plural times with 
respect to each direction. 

Subsequently, at step 106, offset 
correction values to the best image plane position 
are calculated as follows. In the apparatus of 
Figure l, i n order to obtain offset values fQr 
correcting errors in focus measured values 
attributable to the difference in surface state at 
the respective detection points, the surface 
position detection values (surface position data) 
stored in the memory at step 103 and step 104 are 
used. While taking, as a reference, the level of 
such portion of the process region of the wafer 
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where a highest focus precision is required, 
correction values (errors depending on the pattern 
structure) for correcting the surface position 
<iata during the scan exposure to the distance to 
5 the best exposure image plane position, are 
calculated. 

Figure 6 illustrates the relation in 
the case where, when up- and down-direction scan 
measurements are carried out, an up/down direction 
difference (measurement error) i s produced at the 
measurement point to be taken as a reference, due 
to the influence of jitter. 

A portion (i) in Figure 6 corresponds 
to up-direction scan, and a portion (ii) 
15 corresponds to down-direction scan. Reference 
characters A' and B' depict focus measurement 
regions in respective scan directions, and 
reference characters A and B depict offset 
reference surfaces in respective scan directions 
20 as determined by the result of measurement 

corresponding to A' and B' . A portion (iii) ia 
Figure 6 illustrates a correction method for the 
up/down direction difference of the offset 
reference surface. For example, if the position 
25 in Z-axis direction is higher at A than at B, a 

relation A-B=X ( X i s up/down direction difference) 
is taken, and where the offset control is carried 
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out while distributing the up/down direction 
difference of the offset reference surface at the 
ratio of a:b (a f b >0) , the corrected offset 
reference surface can be represented by the 
following equation: 

A ~T"X = B + -— — X 

« + * a+b 

Through the offset control made to the 
up/down direction difference of the offset 
reference surface while distributing the same at 
an arbitrary proportion, as described above, good 
focus correction is assured without causing an 
up/down direction difference in the focus 
correction toward the best image plane position. 
The offset control may be done while taking either 
of the offset reference surfaces A and B as a 
reference, and no up/down direction difference is 
produced in that occasion. 

When the calculation of offset 
correction value is completed, at step 107, during 
the scan exposure, the surface position detected 
values at the detection points for detecting the 
respective surface positions are corrected by use 
of the aforementioned offset correction value, 
which may be 
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in accordance with the up/down direction, 
corresponding to the pattern structure at the 
detection point. On the basis of the corrected 
surface position detected values, the process 
region of the wafer to be exposed is registered 
with the exposure' image plane, and then the 
exposure is carried out. 

The offset correction value obtained 
through the pre-scan measurement at steps 103 - 
106 depends on the pattern structure (actual 
surface step level difference in the process 
region, material of the substrate, and the like) 
and the scan speed. For those wafers in the same 
lot or having been processed through the same 
procedure, the pattern structure and the scan 
speed can be regarded as being the same. 
Therefore, offset correction values obtained with 
regard to at least the first one wafer in the lot 
may be applied to the remaining wafers. 

The embodiment described above is 
merely an example. In the pre-scan measurement at 
steps 103 - 106, in the plural sample shot regions 
as depicted by hatching in Figure 3, up-direction 
scan may be made first to all the sample shot 
regions and, subsequently, down-direction scan may 
be made to all the sample shot regions. The 
number of the sample shots is not limited to six, 
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and any number may be used. Further, while in 
this embodiment the surface position detection is 
carried out with respect to each simplex shot, it 
may be done with respect to every plural shots . 

[Second Embodiment] 

In the above-described method, where 
the up/down offset correction values are compared 
between shots and if there is a local eccentricity 
found in the up/down correction values, regarding 
such point or such shot it may be considered that 
there is an influence of a defect in the wafer 
flatness due to process factor or chuck factor. 
In such case, the data related to such point or 
shot may be excluded from calculation of the 
offset correction value, and this is effective to 
increase the precision of offset correction value. 

Such an embodiment will be described 
with reference to the flow chart of Figure 8. In 
Figure 8, a start command is received at step 201. 
At step 202, a wafer is loaded on a wafer stage, 
and it is attracted to and held by a chuck. 
Subsequently, for measurement of the surface shape 
(plural surface positions) inside a chip region or 
process region, (shot region) of the wafer to be 
exposed, with regard to plural sample shot regions 
such as depicted by hatching in Figure 3, for 
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example, pre-scan measurement is carried out in 
respect to each shot region, and the results are 
stored into a memory. Namely, at step 203, pre- 
scan measurement in the up direction is carried 
out and, at step 204, pre-scan measurement in the 
down direction is carried out in the same region 
as in the up-direction scan at step 203. The 
operation at step 203 and step 204 is carried out 
repeatedly to all the sample shot regions (six 
sample shot regions in this example) . 

Thereafter, at step 205, discrimination 
is made whether the shot is the l ast sample shot 
or not. if it is the last sample shot (YES), at 
step 206 the up/down direction difference is 
calculated on the basis of the surface position 
detected values (surface position data) as 
measured by the up/down scans and memorized into 
the memory. Also, if, as a result of 
discrimination at step 205, the shot is not the 
last sample shot, the sequence goes back to step 
203. 

At step 207, where any of the up/down 
direction difference is less than a predetermined 
amount (NO) , the sequence goes to step 208 whereat 
the offset correction values toward the best image 
plane position are calculated in accordance with 
the calculation method in the first embodiment. 
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Here, the predetermined amount may be determined 
on the basis of an average value obtainable from 
all the sample shots and/or reticle design, for 
example . 

If at step 207 any of the up/down 
direction difference is larger than the 
predetermined amount (YES) , it is concluded that 
this is because of a defect or the like of the 
wafer flatness due to process factor or chuck 
factor, and the sequence goes to step 211. At 
step 211, offset correction values toward the 
optimum image plane position are calculated in 
accordance with the calculation method of the 
first embodiment and on the basis of the up/down 
scan measurement data with the data concerning the 
error point in question being excluded. When the 
correction value calculation is completed at step 

208 or step 211, exposure is carried out at step 

209 while at step 209, during the scan exposure, 
the surface position detected values at the 
detection points for the surface position 
detection are corrected by the correction values 
corresponding to the pattern structure, for 
example, at the detection point, and additionally, 
the process region to be exposed is registered 
with the exposure image plane on the basis of the 
thus corrected surface position detected values. 
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After this, at step 212 , the wafer is unloaded and 
the procedure is finished. 

In accordance with the first and second 
embodiments described hereinbefore, even if there 
is a positional deviation (jitter) at the 
measurement point as produced in accordance with 
the scan direction, since a scan direction 
difference of a measured value is taken into 
account during the calculation process of the 
offset amounts, the surface position measured 
values influenced by the surface irregularities of 
the process region (shot) can be well corrected at 
high precision. 

Thus, in slit-scan type exposure 
apparatuses, by performing offset correction to 
the surface position measured values as described, 
each process region (shot) of the wafer can be 
exactly positioned within the DOP (depth of focus) 
of the reduction projection lens 1. Therefore, 
good pattern transfer is assured, and large-scale 
integrated circuits can be produced stably. 

As regards the point or shot with 
respect to which the up/down direction difference 
of the surface position detected values is larger 
than a predetermined amount, since it may be a 
result of influence of a defect or the like of the 
wafer flatness due to process factor, for example, 
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the detected value in question may be excluded 
from the calculation of the offset correction 
value. This effectively improves the precision of 
offset correction value. 

[Embodiment of Device Manufacturing Method] 

Next, an embodiment of a device 
manufacturing method which uses an exposure 
apparatus described above, for production of 
microdevices such as semiconductor devices, will 
.be explained. 

Figure 9 is a flow chart for explaining 
the procedure of manufacturing various 
microdevices such as semiconductor chips (e.g., 
ICS or LSls), liquid crystal panels, CCDs, thin 
film magnetic heads or micro -machine s , for example. 
Step 1 i s a design process for designing a circuit 
of a semiconductor device, step 2 is a process 
for making a mask on the basis of the circuit 
pattern design. Step 3 is a process for preparing 
a wafer by using a material such as silicon. Step 
4 is a wafer process which is called a pre-process 
wherein, by using the thus prepared mask and wafer, 
a circuit is formed on the wafer in practice, in 
accordance with lithography, step 5 subsequent to 
this is an assembling step "which is called a post- 
process wherein the wafer having been processed at 
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step 4 is formed into semiconductor chips. This 
step includes an assembling (dicing and bonding) 
process and a packaging (chip sealing) process. 
Step 6 is an inspection step wherein an operation 
check, a durability check an so on, for the 
semiconductor devices produced by step 5, are 
carried out. With these processes, semiconductor 
devices are produced, and they are shipped (step 
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Figure 10 is a flow chart for 
explaining details of the wafer process at step 4 
in Pig ure 9 . Step 11 is an oacidation proCess for 
oxidising the surface of a wafer. Step 12 is a 
CVD process for forming an insulating fi iia on the 
wafer surface. Step 13 is an electrode forming 
process for forming electrodes upon the wafer by 
vapor deposition, step 14 is an ion implanting 
process for implanting ions to the wafer. step 15 
is a resist process for applying a resist 
(photosensitive material) to the wafer, step 16 
i3 an exposure process for printing, by exposure, 
the circuit pattern of the mask on the wafer 
through the exposure apparatus described above. 
Step 17 is a developing process for developing the 
exposed wafer. Step 18 is an etching process for 
removing portions other than the developed resist 
i»age. step 19 i s a resist separation process for 
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separating the resist material remaining on the 
wafer after being subjected to the etching process 
By repeating these processes, circuit patterns are 
superposedly formed on the wafer. 

With these processes, high density 
microdevices can be manufactured. 

In accordance with the present 
invention as described above, improved surface 
position detecting technology by which a position 
of a surface of an object can be detected very 
precisely is provided. 

While the invention has been described 
with reference to the structures disclosed herein, 
it is not confined to the details set forth and 
this application is intended to cover such 
modifications or changes as may come within the 
purposes of the improvements or the scope of the 
following claims . 



